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Abstract Electricity transmission has emerged as critical facessfully liberalising power
markets. This paper surveys the issues currently undersdisa and provides a framework
for the remaining papers in this issue. We concludé signalling the efficient location of
generation investment might require even a competitiMP system to be complemented
with deep connection charges. Although a Europe-wid® system is desirable, it appears
politically problematic, so an integrated system of kaarcoupling, possibly evolving by
voluntary participation, should have high priori§erchant investors may be able to increase
interconnector capacity, although this is not unpeptatic and raises new regulatory issues.
A key issue that needs further research is how to bieitentivize TSOs, especially with
respect to cross-border issues.

JEL classificationElectricity, Transmission, Regulation, Prices, Mamthinvestment.
Keywords:L4, L5, L94

If the European Single Market is to be extendedctffely to the electricity supply industry,
then EU member states will need (amongst other issues) te bedler use of transmission
capacity, particularly interconnector capacity, fazilitate cross-border trade. At present
international exchanges of electricity are less tha# df total production in the old EU-15,
and the poor correlation of spot prices between mamnghbouring countries suggests that
the national electricity markets are for the most panrly integrated. This suggests either
that cross-border flows are inefficiently impeded the tmanagement of the existing
interconnectors, or that there is insufficient intemcector capacity to allow price
equalisation. Insufficient interconnector capacity mayturn result from a failure to
undertake efficient investment in additional capaaitr because the expansion costs exceed
the arbitrage benefits from unimpeded trade. More rgdlige market liberalisation allows
consumers to choose their supplier, and hence wouldcomgoetitive market result in the
cost-effective dispatch of existing generation cagagit a European scale. The growth in

! Tel: +44 1223 335474; fax +44 1223 3352BMail addressDavid.Newbery@econ.cam.ac.uk

2 The authors gratefully acknowledge comments fremndMichel Glachant, Richard Green, Paul
Joskow, Mike Metcalfe, Virginie Pignon and the papants of the CMI transmission workshop,
held July 18 & 19" 2003 in Cambridge (UK), who will find their coifitutions reflected. Support
from the CMI project 045/PPromoting Innovation and Productivity in ElectrigiMarketsand UK
research councils ESRC/EPSRC under award numbe7&893s gratefully acknowledged.



intermittent generation makes closer European co-dardmanore important. Wind power in
particular creates new flow patterns across grids, wiviele primarily designed to provide
secure supplies to moderately self-sufficient countries ae not optimally designed and
controlled to handle these and other market-driveteres. The same is true in the US,
where decades of under-investment in transmission haded\eaystem in stress just as the
demand for more market-responsive electricity tradiggires more capacity to interconnect
regions under different Transmission Systems Operators (TSOs

In response to the needs of liberalised markets andsttiegses in transmission
systems revealed by a series of high profile blackoutsdrlJS and Europe, various bodies
are now grappling with the problem of how to imprdlae operation and extension of the
transmission network. In the US, the Federal EnergyuRey Commission, FERC,
pursued the implementation of a Standard Market Demighencouraging larger Regional
Transmission Organisations to facilitate efficient trader wider areas and transmission
investment. In Europe, under prompting from the Eurog@ammission, the European TSOs
are engaged in the Florence Process to develop roleshé better management of
interconnectors and cross-border trade. The Eurofeammission releasedRegulation on
cross-border exchangm 2003, which addresses these topics, although as we sha# argu
below, not completely satisfactorily.

In addition to these more visible inter-TSO issues o$sitworder trade, investment, and the
management of security, within each TSO'’s jurisdictl@ttansmission network is called on
to perform an increasing role in supporting an efetyi competitive power market. Both
cross-border and internal transmission management demaisésar whole set of highly
complex issues of both academic interest and policyaet®: The Cambridge-MIT-Institute
Electricity Project held a two-day workshop in Cardge, England in July 2003 to explore
some of these issues, to delineate the present stat@wfekiye, and to identify important
guestions still remaining. This special issudJgfities Policy provides a selection of papers
reflecting discussions at that workshop. This paper qanesverview of the current debate,
summarizing the discussions and indirectly introducingengaining contributions.

Inevitably, the selection of issues is incomplete. leot$ what the participants of the
transmission workshop considered to be the currentlyrigasisues, and does not pretend to
be exhaustive. We have tried to organize a largefsquestions into a small number of
overarching issues, set out in this overview paper.,Ringre is the important question
whether locational marginal pricing (LMP) sets e#iti long-term investment signals to
generators and load, or whether additional locatiahffierentiation of grid charges is
necessary. This is discussed at length in section 1 bedow, underlies part of the
contributions of Boucher & Smeers and Perez-Arriag®I&os, since these deal with the
pricing of (cross-border) transmission.

% Regulation (EC) No 1228/2003 of 26 June 2003 arditimns for access to the network for cross-
border exchanges in electricity, OJ. L176/1, 12003, European Commission, Brussels. The
regulation entered into force on 1 July 2004.



Second, and currently subject to intense Europearatélelihe papers discuss
congestion management and ask whether market couplisg ¢alled market splitting)
would be a workable model for Europe. The altermatiavoured by some parties, is a move
towards increasingly refined coordinated auctions toagea cross-border trade within
Europe. This is discussed in general terms in section 8,eaamined in more detail in
Boucher & Smeers, Perez-Arriaga & Olmos and NeuhoffefviNery.

Third, the discussion on investment in transmission netwook&entrates on the
prospects and problems of merchant transmission investmieate Ts still active debate
about their relative merits compared with regulatexhdmission investment, while the
guestion of how they and regulated links should belatgd is the subject of the 2003 EU
Regulation on cross-border exchany®hile section 4 summarizes the main arguments for
and against merchant transmission investment, Brunekpesftiees in detail the regulatory
issues that emerge if merchant transmission investment taces pl

Fourth, the challenges of efficient network expansiod operation (including losses,
congestion and balancing) imply the importance of tstdading and designing incentive
mechanisms for the system operator. One would like tm a&eystem that provides perverse
incentives for the operator to increase rather tlemedse costs. Our understanding of these
issues is still underdeveloped and deals more with whatasg than how to solve the
problem. Glachant & Pignon provide an insightful studyperverse incentives facing the
Nordic TSOs, while Joskow summarizes experience and eeal@pments in the US.

The reader should be aware of a institutional diffeeebetween the European and US
situations, which is reflected in the paper. Througltloe paper we use the term transmission
system operator “TSO” unless stated otherwise. Unfortlynathe name TSO is not
unambiguous. A TSO comprises two parts: a transmission olv@elnd a system operator,
SO. These functions can be combined, as is usuallyafeein Europe, but can also be split,
which is a trend in the US. Where the paper explicéfers to the split (in a predominantly
US context), we will use the term ISO (independestesy operator) distinct from TO. An
ISO is often the simplest solution to creating a widerketaarea without forcing the merger
of the different grids into a single company.

1. Locational signals

The transmission network is a natural monopoly whose ebaryst be regulated. In
an unbundled industry in which generators and consumeast to market signals the
structure of network charges will have a potentialfynificant impact on network use and its
development. It will affect the locational choicesnefv generation (and of energy intensive
users), as well as influencing the bidding behaviog@ferators, and the willingness of
neighboring electricity markets to trade and cooer@learly, then, setting these charges at
the right level is critical for ensuring the effictarse and development of the network and the
wider electricity market. It is also one of the mostliemging and difficult problems facing
regulators. Ideally the structure of network chargesikhencourage:

the efficient short-run use of the network (dispaiadter and congestion management);



efficient investment in expanding the network;

efficient signals to guide investment decisions by geierand load (where and at what
scale to locate and with what choice of technologpase-load, peaking, etc.);

fairness and political feasibility; and

cost-recovery.

Implementing an efficient scheme may require some pdlitisxibility and
compromise, as price changes typically create losers lassvgainers. The changes might
reduce the profits of some private companies and/oss @b power of some institutions
(such as a former TSO within a larger dispatch area).

1.1 LMPs and deep connection charbes

For short-run optimal use of the network the benchmarkocational marginal pricing
(LMP), also known as nodal spot pricing or a fullyahnated implicit auction. To achieve
efficiency this requires that generators submit effityepriced bids (i.e. a schedule of short-
run marginal cost, SRMC, up to full capacity). Thepditch algorithm can then determine the
efficient dispatch and the associated nodal shadowespri{which, if generators cannot
increase output, can considerably exceed short-ruginahrcost). Both generation and load
would face these locational prices, although thewuldv need to be additional grid
connection charges to recover the balance of thdatgl costs. If the bids are not set equal
to marginal cost, scheduled flow patterns will be disthrHowever, given that LMP results
in a flexible allocation of transmission capacity aneréby creates the strongest net-demand
response, it tends to mitigate the market power exeofistrategic generators more than
other designs and hence distortions should be smallenitianther designs.

The concepts of efficient pricing have been develope Bohn, Caramanis &
Schweppe (1984), Read & Sell (1989) and the semiaatribution of Hogan (1992).
Meanwhile, the LMP approach has been (or will soonifm@lemented in some variation in
several states in the US (e.g. PIJM, New York, New &yl Texas and California) and is a
cornerstone of FERC'’s proposed Standard Market Design.

For short-run congestion management there is agreeimenta system relying on
LMPs works and is efficient (provided that bids are cetitipe). The more challenging
question concerns the long-run effects of nodal pyicifhe question whether differences
between LMPs serve as the correct basis for rewarding (neerchant) transmission
investment (i.e. the line owner) will be discussed irtisect. Here we discuss the question
how (and how well) the LMPs work in giving investmeaignals for generation and load (i.e.
the network users).

The question is closely related to the question whdih#?s recover all the costs of
the network. If the LMPs recover all network costsntiiee LMPs unambiguously set the
efficient investment signals for generation and loadhé long run, with optimal investment,

* It should be noted that we apply a broad definitié the term connection charges. These include
annual charges to recover the fixed costs of #estnission network to the extent that these are not
recovered by LMPs. Thus, our use of the term commeacharges is broader than the charge for the
original cost of being connection to the transnoissystem.



the difference between LMPs would reflect margindivoek expansion costs. Unfortunately,
for various reasons LMP do not recover all costs. Sinaatsuggest that even with optimal
investment in generation and transmission long-run ecasoafiscale allow only about 20-
30% cost recovery (e.g. Perez-Arriaga et. al., 1995)

long-term total costs of network

short-term marginal costs infrastructure
marginal costs
(nodal prices) 100%

\J

reliability ~ any other increasing discrete network

constraint  direct returns to nature of planning

constraint  scale network “error”
investment

Figure 1: Cost drivers of a transmission network
Source: Perez-Arriaga, 2003

The various causes creating the wedge between LMPuevand total network cost
are illustrated in figure 1. Some of these sources atfaficarise from a failure to properly
charge for other attributes of the transmission systemy mfawhich are quasi-public goods
such as reliability. Others follow from the traditiomahsons why SRMC pricing falls short
of full cost recovery, such as economies of scale amg@ihess in expanding both generation
and transmission to deliver the same standard of réfjabdffsetting this to some extent,
properly charging for the marginal cost of losses (whightwice the average cost) will make
a modest net contribution to system revenue (equalet@terage cost of the losses). Losses
can be significant compared to congestion chargesestimiates suggest that the total loss
factor of moving power from a distant source to a loa be 20-30% (of the average cost of
the power moved). Thus in New York State, the loss ofingppower from the western part
to New York City can be 20% or more and in the Wespanrt of the US, where distances are
longer, the loss factor can be 25-35% (Liu and Zqli2802).

Finally, as the costs of black-outs caused by inadedteemission are very high,
and the costs of somewhat over-building the networkatreer modest, those charged with
ensuring reliable supplies are likely to err on the gititoo much rather than too little spare
capacity. This further depresses the scarcity valukeohéetwork, lowering the dispersion of
LMPs and hindering cost recovery (although it has dditianal benefit in increasing the
effective size of the market within which each getwr®ids, and hence reduces market
power).



It follows that cost recovery requires a supplementagyng scheme, either demand-
based such as Ramsey pricing, or by deep connectiogeshaand/or a two-part pricing
scheme. The question is, should these additional elemertxétionally differentiated? If
so, then LMPs do not provide all the relevant long-tocational signals, but if not, then
LMPs are efficient short-run prices and the remaipiraplem is purely one of cost-recovery.

The natural approach is to draw on the standard najdmmpetitive pricing, which
states that an efficient equilibrium can be supporied bomplete set of competitive prices if
production sets are convex (i.e. there are no ecosoofiescale and all externalities and
public goods are also properly priced). If, as is theecwith the network, parts of the
production set are not convex, provided that th@utudecisions of the non-convex part are
efficiently chosen (e.g. by a central planner oO)3he remaining production decisions can
be decentralized by the competitive prices, and ameatso associate efficiency prices with
the non-convex production decisions. (The distinct®ithat these efficiency prices would
not guide profit-maximizing agents to the efficienhrmnvex production point and in that
sense would not be competitive prices.)

The first point to note is that some of the problenesitdied in figure 1 are problems
of non-convexity, but some may arise from not proppriging reliability (and the resulting
risks of blackouts). The question is whether an optinséiability-constrained dispatch,
where reliability includes all the relevant risks dafiel failure and generator outage, is
accurately priced and included in the nodal pritegether with the cost of ancillary services
such as spinning reserve at each location where itjisresl) If so, then we can apply the
competitive theorems. If not, then there will needvéoadditional charges. If it is possible to
properly value the impact of any additional genera{iG) or load (L) at any node on system
reliability, then these charges on G and L shouldnblided to give the proper nodal prices
for analysis.

1.2 The central planned benchmark
Assume that the network is (centrally) planned, and TB8® accurately forecasts the
(optimal) sequence of generation and network invessriatd the future. At each date, given
accurate forecasts of load (amounts and location, wimali depend on the evolution of
nodal prices), the optimal dispatch is computed andInwazes derived. In this case, LMPs
do reflect the marginal costs of the netwarkeSpectiveof fixed infrastructure costs). The
standard theories of competitive pricing imply thabanplete set of prices (for each location
at each time and date) will give efficient investmeignals for generation (and load)
provided these do not experience economies of sealestors will make their location and
plant choices based on the present value of sellimmyragént and future nodal prices (see
O’Neill, 2003).

If there are economies of scale in generation there begyroblems of coordinating
the size and location of generation and transmissiagstments. In the EU and US, though,

® Baughman et. al. (1997) show that it is formallgsgible to integrate these components in
transmission prices.



the optimal scale of generation plant is small comparigd @xisting demand. Combined
cycle gas turbines (CCGT) reach minimum economic scaléhenrange 50-350 MW,
compared to typical system peak demands of 20-50,000 T\ .likely costs of mistakes
(the wrong size at the wrong place) should therdfersmall, although the extra transmission
costs of mistaken G investment decisions could be signifiddrat is a possible subject for
further research through simulating possible system gwonlypaths and comparing their
costs and whether, given the price signals, generatersndeed led to locate efficiently
(Baldick & Kahn, 1993f.

If these problems of coordination are indeed unimpofemd in any case where there
are no economies of scale in G) then any additionst-rezovering charges need not be
locationally differentiated, considerably simplifyinigeir determination. While this appears
to be a useful benchmark, it remains to check whetteediscrepancy between our strong
assumptions (perfect foresight, competitive pricing afiegation) and reality are serious
enough to invalidate the claim that the only spafiffierentiation should come from the
short-run nodal prices.

1.3 Problems with the benchmark nodal price solutionceutainty
There are a number of sources of possible distorticeffient decision-making based on
these prices. The first is that future LMPs are not kn@md may be hard to predict.
Investors deciding where to locate new generati@edban current LMPs may choose the
wrong location. Given the lumpiness of transmission investriagge deviations of current
LMPs from their long run equilibrium value can be extpd. Of course, future electricity
prices are also unknown, and may be very volatilerohaurly, seasonal and annual basis.
The standard solution to the volatility of wholespteces is a contract between buyers and
sellers. When wholesale prices are high, sellers gairblygrs lose, ansgice versawhen
wholesale prices are low. Each party reduces its riskignying a contract, and the basic
wholesale contract is a contract for differences (Ci)s specifies a strike price,a market
price, usually a spot price in a formal wholesale magkeand an amouni. The generator
receives the spot pricp, from the wholesale market, argl{ pM from the counterparty to
the CID. If the generator sel in the spot market, his revenue is completely pre-oheted
atsM, and correspondingly for the buyer. The CfD wiledego define the location where the
wholesale price is set (a National Balancing PoinRaol Price, or swing bus). A generator
located at some other node will face a nodal priaeniay differ substantially from the price
specified in the CfD, and will continue to be exposedsk (often calledbasis rish.

The solution is an additional contract, a FinancignBmission Right or FTR (also
called Tradable Congestion Contract, or TCC), tlagtsghe holdep — p, per unit at node.
If the generator holds! TCCs at noda and a CfD forM, and generatdsl, then his revenue

® In practical terms, the major constraint on larais more likely to be planning permission bath f
generation and transmission, so that in many cmsntrew generation will be on existing sites (that
have grid connections and access to cooling wataaking use of the existing grid. It remains an
interesting and potentially important question howach these politico/environmental or NIMBY (not
in my back yard) constraints cost.



will again besM. The prices of the contracts may be positive or negatiepending on the
strike prices and the forecast underlying prices, blitoe known at the time of entering the
contract, eliminating price risk.

The logical solution to the problem of the unpreddity of future nodal prices is for
the TSO to offer a long-term FTR to the referencéenfwhere energy is priced and traded).
Its price (or value) is the present value of the ioted shortfall of nodal prices at that
location relative to the reference node over tfeedf the investment. (In practice this would
be issued as a debt instrument that could be liquidaited constant yearly rate over the
contract life.)

1.4 Commitment problems

The second problem is that the TSO may find it diffidol commit to its transmission
expansion schedule regardless of generator decisions.ti@least-cost expansion plan may
involve generators investing inside an import-constchir@ne, where competition may then
become rather intense. A company may prefer to locetiead in an export-constrained
zone, predicting that the TSO will have to investektra transmission. Once the generator
has made its decision, the least-cost way for the TS@Ifith its license obligations to
deliver security of supply and adequate capacity nmeyobexpand transmission capacity.
This combination of the G and T investment would be nexeensive than the least-cost
expansion plan, but given the G investment, might balbppreferable to not investing in
transmission. If the TSO had been able to commit tomasting in additional transmission,
the low prices in the export-constrained zone mightehdeterred the generator from its
investment and encouraged the least-cost solution.

This problem suggests the attractions of deeper (andehgwatially variable) grid
connection charges for new G. In exchange the newoGld receive a FTR. The effect
should be that the TSO can use FTRs to commit to futodal prices and hence can
effectively deter inefficient locational decisions.hi¥ is not an additional spatial
differentiation charge on top of the LMPs but meelgontract for those LMPs.

There is a related issue that falls part-way betweeertainty and the problem of
predicting regulatory actions and the consequent Inpdees. Joskow and Tirole (2004)
show that the relationship between efficient pricesl aptimal prices during reserve
deficiencies are extremely sensitive to discretionatipmrs by the TSO, and to that extent
hard to predict. Again the solution would seem todrsetie TSO to issue FTRs to reduce this
uncertainty.

1.5 Market power

The third problem is that in a fully liberalized markgenerator market power can distort
bidding and hence the calculation of nodal pricebi¢iv become locationaharketrather
than marginal prices). Distorted prices may induce an inefficienttigga of investment.
Different systems of regulation react to this problendiiferent ways. The US approach
which requires regulators to ensure that prices ar&t ‘gnd reasonable” can lead to such
heavy-handed regulation as requiring generators tmisabst-based bids if their market bids



distorts dispatch and pricing beyond specified boundsnake relaxed approach would
assume that provided there are no artificial entryidrar the exercise of market power will
be self-limiting, inducing competitors to enter at hmgiced nodes, and permanently
reducing future revenues. Since entry at modest scage &conomic with gas-fired
generation, ensuring that entry is contestable waseped to be sufficient to ensure
workably efficient outcomes.

More to the point, if generators hold contracts eqoiaheir planned output, they will
have no incentive to misrepresent their bids. In st with transmission constraints this
requires that generators hold transmission contracts mplement energy contracts with
counter parties at other locations. Joskow and Tif@0®0) assess how such transmission
contracts can impact the exercise of market power dbdrGet.al. (2004) show how auction
design and restrictions on ownership can reduce theisgeof market power by strategic
generators. Since generators may choose to contrabedlging reasons, the problem may
not be too serious, provided shortages (that greatlifgnmparket power) are not readily
predicted. Where there are predicted and potentiabgthy shortages (e.g. a systematic
shortfall in capacity that will require new buildathcannot come on stream for some
considerable time) then market power may spread to dh&act market. Price caps on
contracts are typically far less distorting than on spatkets, and a requirement to offer such
capped contracts defensible.

Note that most of the alternatives to LMP are poténtigorse at dealing with the
locational distortions caused by market power. Thamaigenglish electricity Pool offered a
single price and firm transmission rights, so that plaeit ¢obuld not be dispatched because of
constraints would be paid its theoretical lost prdfbgl pricelessbid) to not generate. A
generator assured that he is not required and faittteglbcal competition might then bid
very low to maximize income. It may then pay to lodatean export-constrained zone to
enjoy these profits, even though this is exactly theng place to locate. The counterpart is
that generation in import-constrained zones can bgh l{and be paid its bid price if
constrained to run out of the unconstrained meritrpratled will therefore be more strongly
motivated to locate in such zones by the presence detower.

1.6 Pricing for supply security

A fourth source of potential distortion already notea failure to properly value and price
the impact of investments on security and quality of supposkow and Tirole (2004)
explore this issue in some depth, and the challenged facedapting the old engineering-
based approach to cope with liberalised markets. Typicand reasonably, given the
asymmetry in social costs between under- and over-invastmgestment standards are set
conservatively, so there is a tendency to over-invesecurity. If the operational standards
would be equally conservative, requiring the same amotimeserve capacity to satisfy
security criteria, then the locational price difieces would reflect the additional security
requirement. If, however, the spare capacity requaethe investment stage exceeds the
operational reserve capacity, then the nodal pddferences will be reduced and the
locational signals muted, while at the same time thereasivery problem exacerbated.



There are several possible solutions. One might be toaadadditional locational
charge for security and quality, if location makedraportant difference to either security or
quality of supply. The second is to make the fixedrghapatially variable to restore the
price signals for G location. Britain, which has ndopted LMP, has annual zonal charges
for being connected that give (and are designedvi) guite strong locational signals. This
is perhaps the most important qualification to thencl#ihat nodal prices provide all the
locational variation that is required. However, whihe annual charges should properly be
based on capacity (or peak demand), the nodal pridesharge according to energy, and
these short-run energy price signals should not be tdtdry the corrections required to
signal investment location.

1.7 Deep connection charges

A related question is how to charge new G where tbeiry requires expanding and/or
upgrading the grid (either locally, by a shallow geation, or in some other parts of the
network by a deep connection upgrade). It is tempgbraygue that as LMPs will not recover
all network costs, so those who cause grid investment éghmay the extra cost of that

investment (through deep connection charges). It ixlatd practice for G or L to pay for the

assets required to connect to the nearest suitablegnmigection point, and this carries the
logic beyond that point where reinforcement is respliirlf so, then it might also be

reasonable for this charge to take the form of a teng- transmission contract to the
reference node, transferable to other generatotbahtnode if the generator chooses to
disconnect. The problem would not arise in the absehed the other distortions, and the

relevant distortion here is a combination of not kmawihe future evolution of the whole

system (G, L and T) and the tendency in the presehcmaertainty to err on the side of

security and overcapacity.

It is a natural step to argue that as the LMPs do efte¢ct all network costs, the
incentives for generation investment may be distortedalise the generator would not bear
all the costs it causes. If connection charges shodlectecost causation, one is led to
proposedeep connection chargeshe principle was adopted in Britain for setting #mtry
and exit prices of the gas National Transmission Systdnchvasked of each entry and exit
point what would be the additional investment regliee support a significant unit increase
in injections or withdrawals. These costs were therskaded (rather crudely) into regulated
charges, which, however, applied to all requiringryeier exit at that node. The system of
setting prices for entry was then subsequently replageductions, which are the natural
counterpart to the electricity system LMPs.

" Auctions for (and subsequent trading in) explitry rights seem feasible for some gas networks
(and are used in the UK), where there are onlyvarievant entry points and sufficiently many
suppliers wishing entry access. Gas networks hawmsiderable flexibility, and can usually manage
with daily balancing, rather than minute by minéde electricity. In contrast, physical transmission
rights for electricity might be too complex to alldor sufficient liquidity for efficient pricing agh
trading.
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Although deep connection charges appear attractivierst glance, they are not
unproblematic. Whereas it is possible to reasonably siethiatpost-investment situation (as
in PJM in the US), it is not at all clear what tlests caused by the new connection actually
are or should be. If, for example, the upgrades takeumt of indivisibilities to over-build
ahead of future demand, what fraction of the costtidatable to the present connection? If
capacity is typically oversized because of the asymnetcpst of under or over-building, is
it reasonable to charge this general security beteeitnew entrant? Finally, and decisively
in the British case, if there are benefits to encanagntry to mitigate market power, then
deep connection charges discriminate against entryg@aitional G capacity) and lose some
of their attraction.

Shallow charges promote new entry, which may appéacave to those wishing to
promote renewables or additional generation capaocitynprove security of supply. The
issue is rapidly gaining relevance with the developnoétdrge-scale off-shore wind energy
in the UK, Denmark and northern Germany. Exactly lsomh generation should be charged
has attracted considerable attention in Britain, #hRGC has estimated that the grid
reinforcement costs to handle modest amounts of extra pomeer in Scotland might be
£205-525 million, or 75-85% of the total cost of alw wind power. As the Government
document notes “Given NGC'’s shallow connection chargiolicy, these costs would not
form the basis of connection charges, but would rdibeadditional capital expenditure to be
recovered from all users through transmission network fisgstem charges (TNUoS).”
(DTI, 2002, ch 8).

These charges are derived from a simplified DC investo@sitmodel of a the grid,
and are spatially differentiated, but are leviedtlom highest injection declared for the year.
As such they may not properly reflect the load pasterhwind compared to conventional
generation, and may not be, as arguably they ougtaty aeflection of the annual implied
nodal price differences from a reference node. Thggests that the current charging
methodology overstates the regional access price diffesefor intermittent wind power. In
response, there have been suggestions that wind powerldskece a locationally
undifferentiated grid charge, but the regulatorgédh has correctly argued that this would
not encourage renewables to locate in the least gestefationplus transmission costs)
location. The discussion illustrates that existing transomnsesharging regimes are typically
developed for existing technologies, and may requijasément to provide a technology-
neutral treatment of new technologies.

To summarise, in the absence of LMP, there is a strongfa@aadocational element
to grid charges, and these should be computed to ¢nedéion decisions to minimize the
present discounted cost of all G and T investments edjum maintain reliability and
security standards. The logic of British zonal chargas te roughly reflect the incremental
cost of transmission investment to support additional g#ioerin each zone in a way that
was auditable by any potential investor. The latguirement may have distorted the signals
from their efficient level, but the gains in transpeang and accountability, and the difficulty
of predicting the relevant efficient charges in artartain world, probably outweighed the
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disadvantages. Of course, the difficulties could beided by using LMPs and FTRs, but
these face one final problem.

1.8 LMPs without a Pool price

If all generation has to submit bids at each node, ithenstraightforward to compute the
LMPs. The English Electricity Pool could have computaech LMPs from the data
submitted each day, but was replaced by the New Ei¢gtfrading Arrangements in 2001.
At that point the pool and compulsory bidding endedbe replaced by bilateral and OTC
markets, a voluntary day-ahead power exchange, ambra term Balancing Mechanism to
elicit bids and offers to balance the system and releocenstraints. The latter was a pay-as-
bid auction with two imbalance prices (for being stwrlong) set at the average price of the
bids or offers accepted. As such the balancing mechasigdhsuited to producing a single
set of LMPs, first because it trades only a tiny fractd output, second, because it lacks a
single locational marginal price comparable to the dagad price of LMP, and third,
because it does not provide sufficient notice abouagestion pattern to influence ramping
decisions.

The Nordpool and PJM experience shows that LMP (omenpvecisely, market
coupling) works if all parties that are transactingoas regional boundaries (or nodes at
PJM) have to submit bids to the energy spot markets irefpective areas or have to notify
bilateral transactions whose transmission is charged tiieadead spot-price difference
between the injection and exit node. Hence allra@ting positions are effectively financial
contracts, which are settled at the spot prices at rggbn. For these prices to provide full
hedging, the spot markets have to be cleared by omeatealgorithm that arbitrages the
markets subject to the available transmission capaciyeleet the regions.

It would therefore seem to follow that LMPs sit mosnéartably with a compulsory
gross pool, although the Nordic market manages dynamid&etaplitting without a
compulsory poof. That said, NordPool is far more liquid than any otelectricity power
exchange, and there is a well-defined price to usedoal differentiation.

8 Nordpool uses the term market splitting to deithwthe case in which constraints prevent the

Nordic market clearing at a single price, at whidlint the market is split into pre-defined zones in
each of which there is a single market clearingerin this paper we use the term market coupbing t
cover this case as well, even though the markets ve been combined under a single system
operator may need to be subdivided into separgebed zones. The full description is given in
section 3 below.
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2. Recovering the short-fall in transmission revenue

One very simple way to demonstrate the short-fall betwedP revenue and that
required for the regulated transmission business is to madgat each node normally has an
equal generation and load. As LMP prices would bes#éime for G and L, there would be no
net revenue, and the security benefits of intercotnmg the nodes would be unrewarded. Of
course, G and L are most unlikely to be balanced bgpinour, even if their capacities are the
same, and cheaper G will export, lowering LMPs andiyecong net revenue. Nevertheless,
all the evidence suggests a substantial short-fall thihtneed to be recovered by non-
locational charges, and these will have to introdueedge between the G and L charges at
each node.

The regulator will have determined the allowableereie for the transmission system,
and hence the size of the shortfall after taking aetof LMP revenue and those for
ancillary and other grid services. The revenue kalle to be allocated to capacity (or power)
of G and L. This immediately raises several questions: doestter how this wedge is
allocated between G and L, and on what basis shoal@ tand L charges be set?

The first point to note is that in a competitive asdlated system, the proportions
charged to G and L make no difference, as the priaé paid by the consumer will be the G
cost plus the T charge. If the fraction of the T gedrpaid by G isa, and the generator’s
efficient bid isb then the wholesale price will b+ at, to which the L will pay an additional
(1- o)t to give a delivered price &f + t. The appendix shows that this continues to bedvea
if the generators have market power and bid abbtve# efficient price. Clearly, if two
interconnected systems choose a different allatdhiere will be distortions. If, for example,
one system places all the grid charges onto L amatter onto G, then the first system will
have a comparative advantage selling to custonmethe second, unless the interconnector
levies a suitable charge. Harmonising the G:L lmdatherefore becomes important in
interconnected systems, and there is some attraatiolevying all the grid charges on
consumers. However, this requires care in systertiouwi the locational signals contained in
LMP prices, where the correct interpretation ist ttiee weighted average of G connection
charges is zero, preserving any locational diffesénin G charges that are required. Thus in
Britain for 2004/5 the annual zonal G tariffs rangem £10.7/kW to -£6.8, a range of
£17.5/kW. This is exactly half the interest andrdefation on a CCGT plant costing £310/kwW
at 10% interest and hence a strong locational kigiéch requires some negative G charges.

The next question is to determine the basis on whiehctiarges should be set.
Ideally, as the charges are effectively taxes to mecthe shortfall, they should be minimally
distorting, and independent of any actions that tremseected might take. With that in
mind, let us consider the British system as an exampleayG @according to Transmission
Entry Capacity (TEC) connected to the system on Apghch year, and L pays according to
demand taken at the “triad” — the three half-hoursystem peak demand separated by 10

° To ensure that the plant provides useful powesrwheeded, the payment to the plant depends on
its output at the system peak (strictly, at thedidescribed in the text).
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days, an amount that is determined after the evenh Baffer from potential limitations.
Consider first the question whether an annual fixeargdn discourages rarely run peaking
plant from the (potentially considerable) annual @wtion charge. It is most likely to be
required at the triad, in which case consumers will p@ysame grid charges regardless of
how the G charge is allocated over different geoesatf, however, the peaking plant pays
the full G charge, investment in or keeping availatfigpeaking plants requires higher or
more frequently peaking prices to recover this costthigdwill be passed on to consumers.
The consumer price will be higher and hence demandrlawthese periods, and that will
have some effect on choice. As such it will be distoery.

The question of how to set the least-distortionarynfof taxation was addressed and
answered by Ramsey in the 1920s. In its simplest form a Ratasey a mark-up on the
efficient price inversely proportional to the demaeldsticity’® Ramsey pricing is now
accepted as the best feasible way of collecting stoktfalls in revenue (at least provided
the resulting charge does not bear more heavily empdor than alternative$) Stoft (2002,

p. 413) notes that Ramsey pricing is theoretiaghymal but is “complex and controversial and
will not be pursued.” He argues instead for spregadhe charges “as thinly and evenly as
possible”, but does not say whether this shouldrbportional to TEC (as in Britain) or output

(MWh).

If an annual grid connection charge for rarely-rplant discourages that plant’s
availability, then it distorts production decisicarsd fails the Ramsey test. What is required is a
cost-recovering charge that is based on the physhemacteristics of the plant rather than use
(e.g. thermal efficiency, fuel, etc. which will demine its merit order) and possibly age (that
may be correlated with efficiency and hence alsatroeder). However, such charges are likely
to distort the choice of plant type and availapiiecisions.

It might be objected that uncertainty about futgmd charges could discourage
generation investment. That could be solved byrioffea contract for the expected life of the
station, whose annual payments are specified iaravand are independent of whether or not
the station continues to operate (or be connectgijct from the difficulty and costs to obtain
the required credit guarantees it would still beessary to differentiate charges according to
Ramsey principles, in order to persuade investoiadtall peaking plant, but it would reduce
the risk ofex posiopportunism in resetting the grid charges.

The case for setting the L charges on the badiseofriad dates back from the period
when transmission and generation were both proviethe Central Electricity Generation
Board, which charged a two-part tariff for both g@etion and transmission capacity (based on
peak or triad demand) and energy (the system marngiica). It is less clear that the capacity
element of the grid alone is best measured byrihé demand — indeed some of the heaviest
uses of the grid arise off-peak when cheap powehiseled over longer distances to the load.
Peak-load plant being footloose can usually betéotaloser to demand. Nevertheless, Ramsey

1 This is true provided there are zero cross-peiasticities and no externalities, otherwise the
formula is more complicated.

1 Or, correctly, providing the regulator setting tbharge is required to set the charges solely on
efficiency grounds, leaving the tax system to asslany distributional concerns.
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pricing suggests that if demand is less elasttbeapeak then grid charges can be concentrated
there, although it seems unlikely that the ratithef price elasticity at other times to at thedtria

is almost infinite (which is what would be requiredjustify loading all the charges on those
three half-hours).

To summarise, in an unbundled and liberalised rigégtindustry, cost-recovering grid
charges risk distorting choices of plant type apération. We seem to be some way short of an
agreed and feasible methodology for such chartjesugh we are also unclear how serious the
costs of any potential distortions are. The neefin@nce grid reinforcements for new wind
power may encourage more research on this topic.

2.1 Cross-border tarification (CBT)

A postage stamp is a charge for Use of the System (UbiShus independent of distance; it
is a common approach to apply a system of connectien(éeergy or capacity based) which
are not transaction related. The promotion of cortipatis often argued to justify a postage
stamp charge for network use, and within a countrg thay be reasonable if internal
congestion is minor. The Netherlands justifies such agehan the grounds that the country
is a “copper plate” with no internal congestion, aitgh there are clearly some parts where
only one generation company can deliver power daicetimes of the day. In other words, a
grid which is adequate for a socially optimized dispanay allow pockets of market power
that can exploit the potential to congest interimd, and in such cases LMP charges have a
(possibly minor) beneficial impact on market power. Hé tpostage stamps differ across
regions they are called license plate fees.

A major advantage of both systems is that they avoidgkamng the fees of several
TSO regions involved in a transaction (i.e. stackiagheregion’s fees on top of each other).
As such it removes inefficient protection of local gamers and thereby promotes
competition. Pancaking is clearly to be avoided isgible, but it is less clear how to
efficiently charge for transmission where several ndte@re interconnected, and how to
compensate the network owners so that they will bengilto trade and invest. Consider
countries (and thus networks) A, B and C. If A exptot€ountry C and most of the flow
goes through country B, then country B is a transinty. Although the trade (from A to C)
relies on network B, with network costs charged ®dbknerator and final user, A and C do
not actually pay for the network in B. Horizontatar-network compensation arrangements
aim to repair this flaw and are discussed, in the Eamom®ntext, under the header cross-
border tarification, CBT, (and in the US as the faeassue”).

The compensation issue is irrelevant for efficiencyaass sunk costs are involved,
although if the compensation is based on flow pattetfmsn it might induce network
operators to distort power flows from the optimal dispatinter-network compensation
becomes important whenever it affects investment decisiorthie European example the
national regulator typically regulates the nationatwork and there is no counterpart to
FERC, which in the US has jurisdiction over intereatéand thus inter-TSO) flows. The
regulator in region B might not support a benefiaetwork expansion in country B if all the
costs fall on G and L in B and the consumers and gemsraénefiting in A and C make no

15



contribution. Furthermore, the details of the compemsaule will affect grid revenues for
A, B and C and thereby affect the use-of-system (Ubfayges required to make up the
shortfalls in each area. These may then affect investdemmsions for generators and load.
Whether this is empirically relevant depends on the amofithe compensation payments.
As long as the design of cross-border compensation paymamiins unsettled, it will be
difficult to justify interconnector investments, as thdmxome sunk and less relevant to
bargaining over the determination of the payment® onade.

Vézquez, Olmos and Pérez-Arriaga (2002) discuss vaschemes for charging
network users for that (substantial) part of the tatdt not recovered from congestion
charges or charges for losses (which typically make fa)pro

2.2 The marginal participation rule or area of influencee

The method of marginal participation attempts timegte how flows respond to a change in
injection (or withdrawal) of 1 MW at any node, wihview to charging agents at that node their
share of the costs of the links on which flows gearBoucher & Smeers (2003, p. 20) stress
the difficulty of the calculations and the arbitress of such cost-allocation rules and
question the efficiency effects in general. Vazquezale (2002) point out that the choice of
the “slack bus” effectively determines from whiabde the withdrawal (or injection) of 1 MW
comes, and hence strongly influences the resultimes. As a consequence the principle of the
marginal unit can lead to unreasonable resultbdf marginal value in a line is significant
although the “real” flow is negligible (Vazquez at., 2002).

However, it is important to note that irrespectafethe choice of slack bus, if both
generation and load are exposed to the same Inahtomponent, then the net total payment
for a balanced transmission is not influenced leyahoice of the slack bus. The choice of the
reference bus only determines the allocation ofsdostween generation and load. Vazquez et.
al. (2002) demonstrate this conjecture, and theirmaeg is set out in the appendix.

There are additional refinements of the marginalig@pétion rule that are likely to be
even more complicated to compute, even if they arecegmnally more satisfactory.
Logically, any additional injection has to be matched withdrawals of the same total
amount (less losses) but not necessarily at a single netdald¢he an arbitrary slack bus).
Conceptually, an increase in power in a competsiygem would cause prices to change by
different amounts at different nodes, and these pi@nges would stimulate changes in
generation and consumption adding up to the requadunt. The associated set of
withdrawals would define the marginal changes in poileevs and hence the relevant grid
charges. It then remains to determine the fair amourtisaige for the use of these lines, and
here we come back to the original problem that ieffic pricing of lines leads to under-
recovery, while average charges remove the efficigmstification.

The obvious objections to the marginal approach aa¢ ithis too complicated,
apparently arbitrary, and likely to either undewaed additional investment, or over-charge
relative to the efficient solution. That suggests thednfor a simpler, defensible rule that
would be acceptable to the various TSOs who havesichragreement.
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2.3 The average participation rule or tracing

This rule allocates responsibility for the costs of ddloas on various lines from sources to
sinks according to a simple allocation rule, in whinflows are distributed proportionally
between the outflows (Vazquez et.al., 2002, p. Be main attractions of tracing are that the
rule has some theoretical backing based on the Shealey (cf. Kattuman et.al., 2004) and
does not require the choice of a slack node. The lsheks of tracing are first that
aggregation of users can lead to counterintuitiveltsesifi generation and load or different
nodes are aggregated, then they are exposed toediff&riffs. Second, the choice of the
allocation rule is decisive but apparently arbitréapart from the Shapley justificatiot).

The marginal participation rule is applied in Argeati(cf. Woolf, 2003, pp. 262 ff.),
where it works reasonably well because of the predamtiyi radial system. In Argentina, the
main load centre is Buenos Aires, which is the slack nmade the power plants are built near
faraway gas fields. The lines are mainly radial linesnfithe generation centres to the load
centre, and thus the allocation of cost is relatigélgightforward.

While this suggests that the choice of mechanism shogplendeon the nature of the
network under consideration, in Europe and the UBhinvcountry grids are typically
densely meshed and the marginal approach is likelg tod complex and contentious. If the
TSOs can be persuaded of the fairness of the tracp@agh, and if it leads to (or can be
combined with) efficient interconnector investmenértlit has a great deal of merit. The first
step in Europe would seem to be to set up an indepeteddimical group, provide it with all
the relevant data for the entire European netwarktae dispatch pattern, to see if they are
able to identify robust candidates (on social costditet@ems) for interconnector investment,
and to work out the implied patterns of costs and lisnief see if each TSO benefits from
the set of such investments under the proposed crossrldardfing rule. While it may be
too much to expect each individual investment to bretBamproving, there is more chance
that this would be true of a large enough set, gihenpoor current state of interconnector
capacity.

3. Cross-border congestion management

The TSOs as well as market actors have stated that stamgeoccurs at least
occasionally at almost every European border (Hauteichl., 2001}* There is general
agreement that market-based mechanisms are requiretlotat@ scarce transmission
capacity on congested links. The theoretical optimbltiem is nodal pricing, successfully

12 The Shapley allocation results from the exeroisthe bargaining power of the various coalitions
of countries or regions involved in setting thetcalfocation rule, according to some reasonable
priori restrictions on how to measure bargaining powdrtaw to divide the gains from cooperation.
3 Haubrich et al. (2001) assessed the followingidors: Spain-Portugal, France-Great Britain,
France-Belgium, France-Germany, Netherlands-Belffdgrmany, Germany-Denmark, Germany-
Sweden, France/Switzerland/Austria(/Slovenia)-ItalyAustria-Switzerland,  Austria-Germany,
Norway-Sweden. But interconnections with centrardpean countries (e.g. Hungary) are also
frequently constrained.
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applied in parts of the US East costdowever, it requires centralization of system
responsibility, which is currently perceived as difft to achieve. System operators are
responsible for system balance and constraint managefrtéeiraegional/national network,
and they argue that only they can provide the requsystem security. Not surprisingly, they
want to retain this authority. System operators culratgtermine bilaterally the amount of
transmission capacity made available between neighbocmgntries for commercial
transactions. If demand exceeds the available cap#legy auctions can be (and often are)
used to make this capacity available to the mdrket.

A shared perception is that the current decentdhliaactions of international
transmission capacity fail to make effective use ofghllyimeshed and integrated electricity
network® For example, if electricity is transmitted from FranceSermany then energy not
only flows along the direct links between the cowsribut also across the interconnector
from France to Belgium and then via the Netherlamd&ermany. Currently the Belgium
system operator does not receive timely information eman-French flows. He therefore
has to be conservative in issuing commercial transmissibisyig.g. between France and
Belgium, because he has to anticipate the largest p@ssiplact the unknown flows from
France to Germany could have on the network. Mogtetimes the flows will not have this
large impact, so the network is underutilized evenniere is a scarcity of commercial
transmission rights between France and Belgium. Thigdaodluce the system operator to
apply less conservative estimates, which could jeopardigstem security if large
transmissions both between France and Germany and Faadc8&elgium coincide. The
problem is made more difficult as the share of interntitggmeration from wind increases,
where generation can change dramatically on time sdal are short compared to the
allocation procedure for interconnection capacity.

Figure 2 illustrates two similar solutions that are suggkest resolve the problem of
international flows: a coordinated auction for alir&pean interconnector capacity and
market coupling between European electricity markets.

The coordinated auction consists of three steps: Fast) system operator has to
inform the central auctioneer about the transmissioaagpavailable for commercial flows
on its transmission network. Second, market participsuitsnit bids for transmission rights
between any two countries. Third, the auctione@catkes available commercial transmission
capacity to the bidders using an algorithm analogomsdal pricing. Based on the submitted
information this offers a well-defined and non-dighlé allocation. The auctioneer
effectively considers the interests of both the bidéi@rdéransmission capacity from France
to Belgium and France to Germany when determining dpegmal set of international
transmission rights he issues. The auction revenue car éghallocated to some sharing

4 PJM and New England. Note that although PIM hastedaemdal pricing to make better use of the
transmission system within PJM, this does not stiteeproblem of trade across the boundaries with
other TSOs — the so-called “seams” issue, nor daassure that efficient interconnector investments
will be undertaken across these seams. See Joghigvis§ue).

!> Examples are Germany-Netherlands or UK-France. eS¢ Newbery and McDaniel (2003).

' ETSO (2001), European Commission (2003), Bouch&nders, (2003)

18



rule, or attributed to the individual network comastts according to their scarcity value
calculated in the auction process.

Decentralised Coordinated Market Nodal
auction auction coupling pricing
NT70\1% NI NRIR7 NRIR7

PR NS o
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Q
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O National/regional system operator O National/regional power exchange
O Transmission auctioneer —» Declare available capacity
A Market Participant <— Participation in auction

Figure 2: Different allocation mechanisms for saatcansmission capacity

The market coupling (sometimes called market splitaggroach works in a similar
way. Once again, each system operator has to infomn céntral auctioneer about
transmission capacity available for commercial flows @ntthnsmission network. However,
instead of market participants bidding for cross-bortghts, this time the national power
exchanges submit bids to the central auctioneer. Estatmal power exchange would add all
bids and offers to create a net demand curve, whishbsnitted to the central auctioneer.
The net-demand curve specifies at which price thoma market would be balanced (the
current market clearing price) and what amount ofgneould be available for exports at
higher prices or required from imports at lower prid&salogous to the coordinated auction
the system operator uses the typical nodal pricing rddthdetermine the optimal use of the
commercially available capacity between countries. is$@les transmission rights to the
national power exchanges to implement this solutiore mational power exchanges then
clear the local power exchange given net importsexqbrts and set the local prices. The
revenue the central auctioneer receives from themesion rights can be used as described
in the coordinated auction.

The advantage of market coupling is that energystrassions are determined after
generators and demands have submitted their informatioational power exchanges. This
allows for the use of all available information and royes on the efficiency of production
and allocation decision. For instance Joskow (200321p.notes that where energy and
transmission-capacity markets were not integrated (kéfornia and Texas) congestion
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costs appeared to be too high, making a case in févotegration. Neuhoff (2003) uses the
explicit auction between Germany and the Netherlam$ the market coupling between
Sweden and Northern Norway for a test that agredstive hypothesis that explicit auctions
allow for more exercise of market power because gesrerdce lower effective demand

elasticities. In a numerical model of the meshed netwbtike Benelux countries, France and
Germany, Ehrenmann et.al. (2003) show that market icmuplould reduce prices relative to

a coordinated auction of interconnectors. A potématilaitional benefit of market coupling is

that all transmission allocation is firm so that counkaw$ allow an effective use of the

network. This is also possible if physical transmissiontsiglte formulated as obligations,

but currently their implementation makes them look mite= dptions than obligations and it

is unclear whether this situation will change. Opticeduce the amount of capacity that can
be safely allocated relative to obligations which ofiset other flows.

Both proposals for coordinated auctions and for mar&apling currently discussed
in Europe rely on the assumption that congestion isnérnational issue and ignore
congestion within countries. Creating only zonal @siqSweden) or facilitating bilateral
contracting by ignoring transmission constraints in ¢hergy market (as in UK) creates
perverse incentives for the location of new genenatas noted above. Thus a generator in
the frequently export-constrained North of SwedenAu&t gets the national energy price,
and then further profits in the balancing market whenre-dispatch bid is accepted by the
SO that has to resolve constraints. The lack of exmlangestion treatment thus gives the
wrong investment signals (Neuhoff, 2002). In additi@meyators may bid strategically to
create congestion, as occurred in the US with zoneing, but it would equally apply to
coordinated auctions.

Another way to describe the relative merits of markaipting over coordinated
auctions is that because all markets are cleared simolisigethe auctioneer can make more
transmission available and hence reduces the extertith wndividual generators are able to
exploit congestion constraints, which fragment markets inaorease volatility. Harvey and
Hogan (2003) address the question of whether to swalizones to address internal
congestion. They show that the impact of market poserdakly smaller if zones are split
up instead of using the system operator to re-dispacargtion to resolve the constraint and
maintain a single price. Splitting up zones in an iekpauction design requires that any
transaction between the subzones is exactly matchedrbgsponding physical transmission
contracts, increasing contract complexity and redudiggidity. With market coupling
subdividing zones is less critical. First, financial sramssion contracts would only be
required if the risk of price differences is perceivedbe significant. Secondly, financial
transmission contracts between the subzones could bedefier longer periods, as most of
the price risk can be hedged even if not every gnéansaction is exactly matched by
transmission contracts. This suggests that market couplprgferable.

Finally, from the perspective of market participantemcial transmission contracts
offer the same services that they would expect from palysiansmission contracts. Assume
a German generator sells to a Dutch industrial loambthe price difference is hedged with a
transmission contract. How will they subsequently usectimeract? If they own a physical
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transmission contract, they will nominate the generadiah exports in Germany, present the
transmission contract, and nominate the imports and demmatite Netherlands. With a
financial transmission contract, they will offer geniera at any price in Germany and the bid
for the corresponding load at any price in the Ndginels. They will be exposed to the price
difference of the two markets, which is exactly codet®y the financial transmission
contract. They can actually improve on this with fical contracts, as bidding avoidable
cost for generation allows a cost saving if the marlezrog price in Germany is below the
avoidable cost, for the load will still be servedhe Netherlands.

3.1 Implementation

Why are European governments not willing to implemeatlah spot pricing (or the
simplified version of market coupling) as the logicahgestion management scheme? Pérez-
Arriaga & Olmos (this issue) argue that the number otrobrareas in Europe (17 to 27
depending on where the borders are drawn) is signtficamaller than in the US with some
200. This may reduce the need for a single integrsdédion in Europe. Moreover, as the
control areas are larger and their boundaries tendotacide with country borders, the
European member states may have a stronger politica tloan the states in the US (though
see Joskow’s article in this issue for a more pessimistic orethhe US). Lastly, because the
interconnections between control areas are the “Wekd of most transmission systems, the
large number of control areas in the US resulted rigelabenefits to efficient congestion
management.

Apart from this political constraint the previous argutseall seem to favor market
coupling rather than a coordinated auctions for sim@aesion capacity. However, the
implementation of market coupling requires the coottbneof a large group of stakeholders.
Initially TSOs were concerned about the implications $ecurity of supply of market
coupling. Now it is acknowledged that market coupledfpws TSOs to retain the same
operational autonomy to ensure security of supplya@mgtions involved in energy trading
might prefer auctions, as they provide trading oppaties and the uncertainty involved
increases trading margins. However, firms (among them T3@s)ested in merchant
transmission investment and generation companies considénmglocation of new
investments are affected by the likely instability afufe regulation if an unsatisfactory
market design (such as coordinated auctions) is implemekteding towards the most
efficient solution thus reduces regulatory risk.

Given that a full European nodal approach is culyesame distance from political
reality, could an incremental approach via regiomarket coupling be pursued? Could
market coupling be introduced into smaller areas aed tiradually extended e.g. starting
with the Benelux and then extending to neighbodagntries? This might require that most
expansions are Pareto improvements for the relevargialegroups. Neuhoff (2003) shows
that coupling of the Belgian and Dutch markets shaoldncrease prices on either side if the
same constraints on the exercise of monopoly remained afsrket coupling is
implemented. This is, however, a strong assumption, disclysBi@uhoff and Newbery in
this issue.
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Many of the principles set out in the FERC SMD arenemically sensibfé and
where implemented could provide lessons for Europe,cphatly if their experience
demonstrates the superiority of a market design thaddoellends itself to replicated in
Europe and is compatible with efficient market intégra The main concern is to avoid
choices in the short run that make it difficult to mdeerards an efficient system of cross-
European pricing and use of the full interconnectiapacity.

4. Merchant transmission investment

Merchant (also called market-based) transmission investiseat relatively new
development currently under discussion in many parthefatorld. Merchant transmission
investment refers to investment in transmission facilitiesureerated by arbitrage between
differently priced regions. Such merchant investmemias eligible for regulated network
connection and UoS charges. The US and Australeadyr have some experience, and
several possible merchant lines are under active discussiurope.

Apart from the well-known arguments for allowing marketces to operate where
possible, there are three quite specific argumentsafimwing merchant transmission
investment. First, vertically integrated utilities haymoor incentives to invest in
interconnector capacities, because they increaseoti@etition facing their own generation
markets. Second, regulatory uncertainty impedes investnign regulated private
transmission companies. Gans & King (2003) quote a discussiothe Australian
Productivity Commission on “regulation holidays” fasky new significant investment. The
argument is that a regulator cannot credibly commialiow high profits” if ex posthe state
of the world turns out to be good, but will happéljow the company to suffer any lossés.
Hence, given uncertainty, thex anteexpected rate of return will be lowered, depressing
investment. In the discussion in Australia, a commitmentefrain from regulation for a
predetermined number of years is seen as a possible Wwagpeuning the option of merchant
investment.

The third argument is a public-choice argument. Ifnpssion to build a line is
required on the two ends of an interconnector, th#hamities would each need to be
convinced that the extra charges need to finan@galated investment can be justified on
cost-benefit criteria as benefiting their jurisdictioMerchant transmission investment
mitigates this problem because it does not require suobtebenefit test (although regulators
may still deny interconnection if they believe it weds social welfare in their own
jurisdiction). The key argument is that the requiremanéconomic approval allows other
goals to enter the discussion or can easily be abused.

It is important to distinguish carefully between tleyelopments in the US on the one
hand and Europe and Australia on the other. Thelrpaang approach in the US allows a

7 Although many have been criticised and may nqtdigically feasible.
'8 A similar problem arises in the US where investhmaust be “prudent” and “used and useful” to
gualify for receiving regulated revenues, but iattbase it only earns the normal rate of return.
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more refined merchant system with incremental Finafigansmission Rights, FTRSthan
the zonal approaches in Europe and Australia. A phppehosen set of point-to-point
incremental FTRs can internalize network effects causedhe loop flows of the new
investment (cf. Hogan, 2003 and Kristiansen & Rosell®932 However, such schemes
create considerable complexity in their implementatimtause they require the allocation of
residual rights created by the merchant investment.répisres several years of multi-round
auctions to identify the demand for transmission rightsthe absence of merchant
investment. Only then can the merchant investment psojexceive transmission rights
created by their addition to capacity. Moreovergramental FTRs require centralized
allocation of transmission rights and are against theat sirdecentralized market-driven
decisions (Joskow & Tirole, 2003).

Without a well-defined nodal pricing scheme, suchredined point-to-point
incremental FTR scheme is not possible. This suggests tiegtrioerchant transmission
investment in Europe and Australia to high voltage iDt@rconnection between different
systems (and to leave other types of investment to thdated Transmission Owner). The
market-based revenues in Europe and Australia areedefriom the link-based differences in
(spot) prices between the two ends of the line. Merctransmission investment in Europe
and Australia should therefore be restricted to ndtveapansion (interconnection) whereas
in the US merchants are also allowed to invest in nétweepening projects to some extent
if they wish so (c.f. Brunekreeft, 2003).

Back-of-the-envelope profitability calculations sugigéhat merchant transmission
investment is unlikely to be adequate by itself, becadnseisk premium will be high. At
best, we are more likely to see a mix of regulated wrégulated lines being developed.
Hogan (2003) emphasizes the danger of the slippery :sigpethe regulatory alternative
(which gives access to regulated and hence secureues)e tends to crowd out the
unregulated alternative. To avoid this Hogan argieesthe following sharp distinction:
socially beneficial but commercially unprofitable mcis (large when compared to the
relevant market) qualify for the regulated optionile/teverything else should be left to the
market. Littlechild (2004) expresses the same concetawimlg his analysis of a recent
application of the regulatory test in Australia.

Joskow & Tirole (2003) and Joskow (2003, p. 54dfg quite sceptical about market-
based transmission investment and list a number of inefti@s. These include market
failures arising from investment lumpiness, market powegeineration, improperly defined
(non-contingent) property rights, and network efecloskow & Tirole conclude that
merchant line investments are likely to be inefficiéng split in ownership (TO) and
operation (SO) of transmission lines results in govemapooblems and incentive
asymmetries with regard to dispatch and maintenance.

Two further problems follow from the perception thae European market design is
still evolving. First, merchant investments may lock ie turrent situation (decentralized
power exchanges) and may make changes to future teguiiatervention difficult. This is a

!9 Sometimes called TCCs. They can be used to dsfirealled Auction Revenue Rights (ARRS).
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serious concern given the ongoing discussion about dgtimeang schemes and the expected
changes of network and generation technology inorespto CQreduction objectives. If it
is proposed to change the system of pricing (e.g. frpmstage stamp to nodal pricing), then
merchant investors might object and delay desirablegdsariPerhaps the right of conversion
to a regulated status as in Australia can relieve tbielgm, although not without some moral
hazard. Second, without well-defined reference gwxicat both ends of the new
interconnection, FTRs are not feasible. Changes tod#faition and/or scope of the
reference prices might either create uncertainty abwaiex antevalue of such FTRs, or
again provoke opposition to desirable changes, exgartts a more refined nodal system, or
within a market coupling approach a move towards eslogs zoning.

In Australia, investors have the option to be unratgual and rely solely on the price
differentials between the two nodes or rely on ragdlaevenues, which partly consist of
regulated connection charges. In order to qualifyrégulated revenues the investment has to
pass the “regulatory test”. The test is passed if thestiment has the highest net present
value of market benefit with regard to possible adgues. The main advantage of an
explicit test is that obvious detrimental investmentshmohecked. The main disadvantage is
that it inevitably introduces an arbitrary and bu@atic element in an otherwise market-
driven environment. Littlechild (2004) is critical afrecent application of the regulatory test
and subsequent approval of a regulated project irsthealled SNI case in Australia. In a
recent review, the Australian Competition and Consu@emmission raised interesting
guestions concerning the regulatory test (ACCC, 20@®)e question concerned the
alternatives to be examined. First, were new powertplalternatives to new lines? Second,
the test included modeled projects, “likely to be commrssil”. This seems reasonable but
opens up gaming possibilities: firms can “model” fake prsje

The ACCC also questioned the measurement of social audtbemefits. First, new
lines will in general have an effect on the compeditess of the generation market on both
sides of the line. A large part of the impact willtbensfers from generators to consumers or
vice versa (depending on the direction of flows)] #me change in deadweight loss arising
from more intense competition is likely to be very snfa#l demand elasticities are so small).
There is a feeling that only to count the directdyesight loss reduction understates the
competition effects that should be taken into accauniie social cost benefit analysis. For
example, a more competitive market is likely to induess [“excess entry” and require less
regulatory intervention (which, as California demoaigts, can be hugely costly). The latter
argument is partly circular if it is assumed that thgulator also works with social cost
benefit criteria. Alternatively, weighing consumeteirests more heavily than shareholders’
reinforced the claim that an unweighted deadweigiss |analysis underestimates the
competition effect. The question of how to measureetfiect on and value of increased
competitiveness remains open. Second, new lines wi# hawvork effects. For instance, a
new line can increase the reliability of the netiydout might also require a network upgrade.
The issue relates strongly to the discussion on deep cdommeharges above. Defining the
project to be evaluated then becomes somewhat arbitrary
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The jury is still out on whether a regulatory test @rkable at all and if not, would a
tender for constructing and operating the (unregdlaline be a feasible alternative? It will
be interesting to compare Australian and American IY!) experiences.

Unregulated merchant transmission investment raises a rsgjutétory questions (cf.
Brunekreeft in this issue). The answers to these quedgpend strongly on whether the
institutional background is US-nodal-like or Europesfalia-zonal-like. Institutionally the
difference is reflected in the light-handed reguhatbramework in Australia (calledafe
harborg as opposed to the more heavy-handed situation inUBewith open season
auctions,while the regulatory discussion in Europe is ongoirtte issues are reflected in for
instance the discussion around the merchant projedtié&titvhich aims to interconnect the
UK and the Netherlands, in which case the regulatasldiset up a regulatory framework.

The first question to address is whether there shoutdvpership restrictions on who
is entitled to build and operate the line. A regedigprivate TSO owning an unregulated (and
connected) merchant line may have incentives to didispatch and other investments in the
network. Should there be a restriction on ownershigh® line by dominant generators? The
Australian safe harbors prescribe a limit of 35% of draf generation capacity on either
side of the line. As a rule, competitiveness on the rg¢io@ import market will be increased
even if the dominant generator owns the line. Theragmt then is that the competitiveness
could have been increased even more if a third pavtyed the line. It is disputable whether
this justifies an intervention. One is inclined to leathe issue to ad-hoc control by
competition authorities. However, in many cases competiaws seems poorly equipped to
avoid new investment by a dominant generatorengostcontrol of abuse of market power
is a hazardous task as compared texaantecontrol on market structure.

The second question to address is the design of the aegwese. Should the line
owner be allowed to participate in using the linesloould this be fully separated? Should the
line owner be free to determine who will be entitied use the line, or should a non-
discriminatory open-access regime apply? Again, thecehs between light- and heavy-
handed regulation, which depends strongly on the rywdg institutional framework.
Applying insights from the theory on vertical relasora regulated access regime seems
redundant if the line revenues are unregulated. drregulated line owner will normally
have an incentive to maintain competitive pressure anlioegusers. Application of the
essential-facilities doctrine in competition law suffide tackle abuse should it occur. The
situation changes if the line revenues are regul&idter explicitly or implicitly by a tender
for capacity. In those cases, an access regime is nectessanid leverage of market power.

Third, should a part of the capacity be reservedHershort-run spot market instead
of selling all capacity in long-term contracts? To shiédue risks, merchants are likely to sell
off long-term contracts, possibly even before makingsting investment. This may impede
competition if at a later stage new firms would be eaet from using the line, although
there is likely to be a short-term capacity marketllowacontract holders to balance their
position.

Fourth, should there be a provision against capadttyhalding? Attractive though a
must-offer (or, use-it-or-lose-it) rule may ladéter the investmentprior to the investment
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such a rule adversely affects the investment decisibithwnay offset any gains of applying
the rule. Brunekreeft and Newbery (2004) identifyuations, in particular demand
uncertainty and demand growth, when the adversetein investmentek ant@ offsets the
positive effects on the line usex(posk. In contrast if the incentive to withhold capadisy
the result of pre-emptive investment, a must-offer prowiss more likely to enhance welfare
the lower fixed investment costs. Overall, especiallghviigh fixed investment costs, it is
likely that application of a must-offer provision iase of unregulated merchant investment
decreases social welfare.

5. Incentivizing system operators: Regulatory framework and experience

The England and Wales electricity market provides sceleent example of the
benefits of exposing the TSO (NGC) to an incentiveeswh to reduce constraint costs.
Constraint costs fell from over £200 million per yeathe early years of the Pool to about
£25 million per year after the incentives were introetl. Incentives to reduce congestion
costs are particularly important in England and Wdbesause the entire region is treated as
a single price area. Hence all transmission constraines tieabe resolved by the TSO using
bilateral contracts. Such a setting allows generatatts market power to play the inc-dec
game (i.e. bidding increments or decrements of gepe)ati In the UK transmission
constraints are rare and mainly caused during maintenagriods. Incentivising the TSO to
reduce these periods, reduce bottlenecks, and engatgver contracting to limit the extent
to which generators can play the inc-dec game isauci

The success of the scheme hinges on the ability of thetater to expose the TSO to
incentive schemes, which is only feasible if the TS®draadequate asset base, typically the
network, to bear the financial risks involved. Thegksh approach will also require careful
adaptation before such a scheme can be applied taneoiai TSOs with strong
interconnections to neighboring countries. The paéeptroblems can be illustrated by two
observations. Glachant & Pignon (this issue) argue ttletcombination of inter-regional
constraints and redispatch to resolve constraints widgions can create incentives for the
TSO to distort dispatch from the optimal choice. If lessmsmission capacity is declared
available for inter-regional capacity than in margtwork configurations (e.g. in Sweden)
some of that capacity can reduce constraints withagen. If a TSO is exposed to some of
the costs for re-dispatching generation to resolve ing within regions, then it benefits
from understating available inter-regional transmissepacity.

Boucher & Smeers (2003) and Patton (2002) point notheer cross-border incentive
problem. They argue that a TSO in one area may hawe mcentives to inform a
neighboring TSO, or worse, the TSO may even havaeamntive to resolve its own problems

2 For example in California, generators first nortéaexcessive energy flows so that the system
operator had to contract, typically with the saraaagators, to re-dispatch in order to avoid violadi
of transmission constraints. This profitable gam@adssible because every one is granted unlimited
access even if transmission rights are scarce.is8ue is avoided if scarce transmission capacity is
either allocated as physical transmission contractharged through a nodal pricing mechanism.
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at the expense of the other TSO (“shifting congegtahe neighbors”). These arguments are
particularly important for the European market. ltrseeecessary that any incentive scheme
within a country takes explicit account of cross-l@oreffects (or is combined with a suitable
cross-border incentive).

The theory of the design of a comprehensive and consiggulatory framework for
TSOs is not well developed, with the exceptions ofj&sang (2001), Leautier (2000 and
2001), Yoon & llic (2001). As will be explained fughbelow, NGC s incentive mechanism,
aiming at reducing balancing costs and transmission losses,practical attempt of an
incentive scheme that works reasonably well for impmwine efficiency of use of the
existing assets (transmission and generation). The schenks i setting a target level,
with revenue deviations from the target are partijmbdy NGC. Caps and collars secure that
the risks are manageable. Transmission losses can be régucadsmission expansion and
upgrades, and so short-run incentive may have favotahtgrun effects, but the proper
design of an incentive scheme that would deliver ieffic transmission investments is a
considerably more challenging task.

Vogelsang (2001) develops a two-part price cap wileeevariable part reflects
congestion charges and the fixed part the fixed métwosts. The integrated TSO balances
the two elements: grid expansion requires investmentoladrs congestion and vice versa.
The integrated TSO will have an incentive to expaapacity if marginal congestion costs
exceed the costs of expansion. In contrast, if TO &ar@ split, it seems natural that the SO
would be responsible for network operation and comyesand the TO for network
expansion and maintenance. With a TO/SO split, aegqEhnsion lowers congestion, which
are foregone revenues for the SO. Whether or noT@das sufficient incentives to invest
depends on the cap. In any case, balancing betwewesiton costs and grid expansion in
the case of a TO/SO split seems to be coincidentalaidnenent is more important for the
split TO/SO cases in the US than the integrated cadesrope.

Note how the regulatory scheme for NGC can be seewaslifferent baskets: one
for transmission network use-of-system and one for balgnseervices use-of-system.
Following the Vogelsang approach and much in lindvwmbst of the price-cap literature one
might suggest integrating both parts into one baskethawe the firm decide on a proper
balance. However, in the presence of verticallygraeed TSOs such an approach seems
inappropriate. Different tariff structures (e.g. ceipaversus energy based) bias the choice of
generation technologies. Therefore the verticallggrated company will choose a tariff
structure to support technologies dominated by compaaigated with the network
operator, technologies consistent with the currentatipmal paradigm or technologies that
might allow better reaction to inherently incompleferational or investment incentives. In
distribution tariffs this has been a frequent complafrdistributed generation.

Another way in which the TSO can be motivated torease the availability of
capacity is the use Financial Transmission Rights (FTRgppBed in the US. The idea
would be to issue FTRs corresponding to the capacdy ttie TSO promises to make
available. Much on the same line as Contracts for f@iffees, the TSO would be exposed to
the additional congestion costs if it delivers lessgmaission capacity on which he will
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receive congestion payments than contracted in thiRsFdr which he has to pay the nodal
price difference. The same mechanism ensures that the BEB@fits from providing
additional capacity. Such a scheme has been proposedhdo British gas National
Transmission System (also now owned by NGT, the ownerGEE )N The concept might be
more difficult in a meshed network, because severab$&$Rs are mutually feasible and it
is difficult to determine which of these sets to isst®e success or failure of such a scheme
is likely to depend on the fine details.

Alternatively, in a setting with a TO/SO split, th® Sunction might be auctioned off,
which may introduce some competitive pressure (cf. Dem$868). Demsetz highlights the
virtues of franchise bidding for natural monopolies asilastitute to regulation. In response,
Williamson (1976) is more sceptical, but his critiquehfights the problems of selling sunk
assets (with a longer life than the auctioned peribdparticular, if the sale price cannot
credibly be arranged in advance, a subsequent fwldiay lead to underinvestment
(Williamson, 1976, p. 87). Since the SO does not owen dssets, the Williamson (1976)
critique does not apply. The main assets are the idioato skills of staff in the SO-
department, which may not give rise to such problemsS@ArO split does, however, have
the disadvantage that the asset-poor SO cannot besezkgo strong incentive schemes
because it may go bankrupt if revenues become negdtitergets are not achieved.
However, if the cap-and-collar scheme as for NGC wetBciently well it will reduce this
risk. Nevertheless, an asset-poor SO can only be exposeftaction of constraint costs and
therefore will not fully internalize these costs is decision process.

The next subsection discuss a sample of issues of theat@yuframework and
experiences for the TSO NGC in the UK. The situatitine US is discussed in the paper by
Joskow in this issue.

5.1 UK: National Grid Comparfy planning of new investment and charges

The foreword of NGC 's 2003 7-year statement statesttigatbroad approach to planning
the future development of the transmission system is tomiexithe utilization of the
existing system” and to “continue to maintain or impraeereliability and availability”. In
practical terms, investment in the grid concerns not sehnmmew lines, but instead
incremental reinforcements and upgrades. There aremiao determinants of investment:
supply and demand growth,and the need to meet the (regulated) quality steséfr
Retaining quality requires maintenance and upgradinthe grid. NGC works with three
criteria: availability, reliability (MWs loss of supplyand quality of service, measured by
deviations from target voltage and frequency levels.

%1 The NGC documents can be downloaded from NGC’ssitesbhttp://www.nationalgrid.com/uk/

It should be noted stressed that several issuasiamrently under revision.

22 Cf. Security and quality of supply standard (setbut connection requirements) and NGC's 7-year
statement.

% Cf. “Security and quality of supply standard, Repo DG of Ofgem under special condition AA2”
of the Transmission Licence and the Grid Code.
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To finance these activities, NGC has two classes of arktwharges: connection
charges for the grid connection, and Use-of-SystemrgelsaThe latter can be subdivided into
transmission network UoS charges (TNUoS) and Balancyste® UoS charges (BSUo0S).
Note that NGC ’s use of the term connection chargesarrow as compared to the use
elsewhere in this paper, where connection chargesdesITNUoS. Connection charges are
only for costs directly associated with connectioraafser at an entry/exit point of the grid.
NGC ’s (or rather, the regulator, Ofgem’s) approactelatively shallow and relate mainly to
the costs of assets which can be attributed directlyuser or a subset of users. Substation
assets and generation-only-spurs fall under conneassats (as opposed to TNUoS), and
off-shore connections from wind farms would also be bdmwehe generator. All else is
considered TNUoS. Significant new connections willmally have an impact elsewhere in
the network and may require upgrades. Shallow chaudies not attribute these costs to the
new connection.

TNUoS charges cover the cost of installing, operatamgd maintaining the
transmission system. The charges are regulated by agagcerechanism. The system relies
on the marginal expansion costs for an optimized net{umikg the Investment Cost Related
Pricing (ICRP) transport model). The marginal costeqtiired investment are calculated for
marginal generation and load increases at each ndae.n®des are attributed to the 15
generator zones and 12 demand zones using weighteaaseAn additional term, called
the Security & Residual Tariff, which is not locatadly differentiated, serves to ensure
adequate revenues. The key elements are that theigeetlelharges are differentiated in two
respects. First, the generator-load split was set absippately 27:73 in 2003. Second, under
zonal TNUOS pricing, generators in the north payhh@ charges while load face low L
charges, and conversely in the south, reflecting xlcess number of generation capacity in
the north.

Finally, the Balancing Service UoS charges cover foss®d balancing services,
where NGC is incentivised to reduce their costs. If N§e@ts the target, it can retain 60% of
the savings, whereas if the balancing costs are higaerthe target level it will have to share
50% of the additional costs up to a cap of plus £dbomiand a collar of minus £45 million.

6. Conclusions and future research agenda

LMPs are unlikely to recover fixed network costs addigonal charges are required.
Deep connection charges could cover some of thes@addicosts if they can be properly
identified and are mainly required to compensateHerdifficulty of reflecting all the other
attributes of transmission service (particularly relighiin the nodal prices. Provided these
signals are accurate, the combination of LMPs and deepection charges should provide
efficient generation (and load) locational investm&gnhals. The alternative of zonal charges
may give reasonable investment signals but is less welldstatefficient network use and
congestion management.

Nodal spot pricing is considered to be the most efficmngestion management
system. It is therefore disappointing if understanddbé Europe retains a zonal (often
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country-wide) approach and (initially at least) seémprefer co-ordinated explicit auctions
to the intermediate state of market coupling. At |&stpolicy advisers seem agreed to press
for as close an approximation to nodal pricing as ipally feasible and to aim for a
transitional system that allows the final step toward$ah@ricing to avoid a lock-in to an
inappropriate intermediate stage. In the meantimekeharoupling may be preferred for
network zones with identifiable single price areasviied stepwise increases of the market
coupling areas offer improvements to both participatingas, this gradual approach seems
promising, as might be the case in Benelux.

Financing new transmission investment in interconnecemmsins problematic. First,
it is not yet clear whether merchant transmission invedtisea reliable option, and if so,
whether it would be preferred to regulated investménty assessment depends quite
strongly on specific cases and on the institutionahé&aork. Notably, the nodal approach in
the US allows a refined payment scheme with incremguutiait-to-point FTRs. The zonal
approaches in Europe and Australia have to rely madased spot price differences. This
suggests that the role of merchant investors could kaegren the US while it should be
restricted to DC interconnectors in Europe.

Second, where merchant transmission investment takesiplacges new regulatory
guestions. The regulatory approaches in the US, Aissttatl Europe are strikingly different.
Whereas the regulatory framework in the US is reddyi\stringent, in Australia it is light
handed, following the link-based zonal approachEumope the issue still has to be settled,
but it seems natural to follow the Australian approashlong as European congestion
management is zonal.

The workshop identified a range of topics meritingyfe research, and the following
list is not exhaustive. The welfare benefits of redgcmarket power by transmission
investment appear modest if measured in the conventieaalweight loss way as demand is
very inelastic, but this may seriously underestimate tlogalsbenefits. Some concern was
expressed that a shortage of transmission capacity canid pegulators or politicians in
taking very expensive actions during crisis periodsigi Iprices, as happened in California.
Increasing the resilience of the system by possibly soreeinvestment might reduce the
risk of expensive and inappropriate responses to higlerif the benefits from increased
competition are significant, then it becomes importar@ampare alternative ways to achieve
the same result, at perhaps lower cost than “excess” tregieminvestment.

Many of the proposed methods of creating strongesignals also create prices risks
that need hedging contracts such as FTRs. In addRibRs can play an important role in
ensuring that investments are efficient. Such markets@seand need more study, perhaps
supplemented by experimental economics tests of FTRoasctior pricing to achieve its
full effect, the demand side should be involved, Hrete are outstanding questions on the
costs and benefits of real time pricing and demand pesponsiveness. In some cases this
should be almost costless, e.g. for large customers wehvaitmetering, but the benefits
need further documentation (see Borenstein and HolRO@#).

Incentivizing the TSOs remains an underdeveloped laodain theory and practice.
The main problem to be avoided is that a TSO benefts fcreating congestion. An
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incentive scheme should reward the TSO for reducomgestion and balancing costs by
carefully balancing daily operation and networkastment. The use of redefined FTRs may
be helpful here; if successful, this would yet givether reason for moving towards a nodal
pricing scheme. There is also a clear need for moesarels on the benefits of incentive-
based regulation of (asset owning) TSOs, compareddmative models (such as not-for-
profit ISOs for which such incentives may have to besaterably weakened). The relative
merits of state-owned and private transmission companieseatsan largely untested. State
ownership (as in many EU countries) may make it easiendee towards an integrated
regional system (as in Nordpool), although the peVveGT in Britain has experienced the
considerable change brought about by ending the, Roal is currently involved in
integrating the English and Scottish systems. More proatic are private vertically
integrated companies such as RWE, E.On and Electrabele private ownership requires
consensual restructuring, often with substantial compensat

The question of how best to judge the desirabilitysighificant new transmission
investment in interconnected grids under different $S@mains empirically and
institutionally unresolved. Further progress will requl SOs to pool transmission and flow
data and commission the necessary modeling work, and @dhersome encouraging signs
that ETSO is moving in this direction. In this connetthe whole question of assessing and
then charging for off-shore wind, and resolving tleepm versus shallow connection charge
guestion is becoming urgent. Finally, we need more tgative assessments of the
difference between implicit and explicit markets (madaupling vs. auctions) for Europe.
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Appendix: A neutrality result for allocating grid ch arges between G and L

The regulator will determine how much revenue thgulated grid can collect, and thus the
shortfall after receiving any LMP revenue. Thisaewe will have to be collected from G and L
in some proportion. The balance between G and &rlgledloes not matter in a perfectly
competitive and integrated or isolated market (efhtee division is the same for all agents),
provided that the difference between prices aedbfit nodes is preserved (Kattuman, Green and
Bialek, 2004; Vazquez, Olmos and Pérez-Arriaga2p00

The natural next question is whether this netyra@sult carries over to the case of
imperfectly competitive generators. Fortunatelyahswer is yes. To see this, consider a general
model of imperfect competition, and consider geioeracompeting with other generatqgrs
where the reference pricepsand the transmission charge to deliver to demarold ist. Let
the fraction paid by G be, and by L, la. Suppose total demand@ = Xg;, and the inverse
demand schedule iB(Q) = p + (1-o)t, which depends on the delivered price includirsg part
of the transmission charge paid by L. The genésafmoblem is to choosg to maximise
profits, where the cost of generatoproducingq; is Ci(g), given the conjectural response of
other generators to his choice:

Max 7 =(p-at)q -Ci(q;)-

The first order conditions w.rd; are

' , dq.
p-at-C (@)+qH'Q|1+> =0, (1)
= do
where the termdq / dq are the conjectured responses of other genetatorsreased outpua.
Cournot conjectures would make these all zeror&mitwould make the sum -1 in the case of

unconstrained constant cost output, and so on. tRewirst term in (1) can be rearranged from
the inverse demand schedHl@) =p + (1-o)t:

p-at=H(Q)-t,

which is independent of the sharing parameteit follows that the choices of outpat
determined by (1) are also independent of the sharéotal cost borne by G and L, provided
that the mechanism for collecting the charge igpamhdent of the level of (nodal) prices. It is
easy to see that the neutrality result would nat ifd = t/p, and producers receiy€l-a6) and
consumers pay(1+(1-)0), for in that casex would not be eliminated in the first order
conditions.

This result parallels the neutrality result dediviey Kay and Keen (1983) for the
incidence of specific taxes, which is the same drepaid by producer or consumer (in a
rational and frictionless, but not necessarily @etty competitive, world).
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The choice of the “slack bus” in the marginal partcipation rule
Vazquez et. al. (2002) point out that the choice of thecksbus” effectively determines from
which node the withdrawal (or injection) of 1 MWmes, and hence strongly influences the
resulting flows. As a consequence the principléhef marginal unit can lead to unreasonable
results if the marginal value in a line is sigraft although the “real” flow is negligible
(Vazquez et. al., 2002). This might appear to make the naduggrticipation rule arbitrary, but
Vazquez et. al. (2002) demonstrate that irrespective of tbiechof slack bus, if both
generation and load are exposed to the same loghttomponent, then the net total payment
for a balanced transmission is not influenced byctiece of the slack bus as follows.

Let Ajj, represent the marginal participation sensitigiftey how much flow through line
] increases in response to an injection of 1 MWaatenl, given the choice of the slack bus
where the withdrawal will be made), and suppose that thie abeach ling to be recovered are
G;. Total injection at is g; and withdrawal il , so net injection iy - d;). Suppose the original
choice of slack bus gives rise to a per MW charfgé @t nodei. They also show that if the
choice of the slack bus is changed then the effetv add a fixed ternX; to each line's
sensitivity factor which is independent of the notleus the general case where the slack bus
(and hence the set ¥f 's) has yet to be determined can be found as fslldie resulting per
MW charge for net injections ats T (X), where

T (g -4)= ¥ ¢ X 9T

i g —qi)= j-

j ]Z(Ak,j +Xj)(9k'dk)
K

Ignoring losses, if the system is in balance, tég— d) = 0 and hencE. X (gk— dJ) =
0. Therefore the total charge to the agents at nigde

X;C;

A(gi-
- =T,
(o ZAk (gk—dk)

DZAk (gk—dk) w9

The effect of changing the slack bus is to chaalgenodal charges by an additive
element per MW. We can immediately deduce from the eadigument on nodal prices with
imperfect competition thah a balanced systerthe choice of the slack bus (which is equivalent
to choosing the proportion of the total cost altedao G and L) will make no difference to the
nodal priceseven in the presence of imperfect competition

_d)DZ:

+(g; —d; ).
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